922.6641P 


Inventor: Henry Daniell 


Certification TTn,u r 37 CFR , ]n 

Amy LanHpnd g ^ r 

(Name of person mailing) 



LAW OFFICES 
Welser & Associates, P.C. 
SUITE 500 
230 SO. FIFTEENTH ST. 
PHILADELPHIA. M 19102 

(2tS) B7M3S3 
FACSIMILE (21S) 



GENETIC ENGINEERING OF COTTON TO INCREASE FIBER 
STRENGTH. WATER ABSORPTION AND DYE BINDING 
H-DanieD 


Cross Reference to Related Application 


This patent application benefits of the filing date of 
provisional application serial No. 60/0174,997 filed February 1 7, 1998, 
entitled Genetic Engineering of Cotton to Increase Fiber Strength. Water 
Absorption and Dve Binding, attorney docket No. 922.664 1PROV. That 
earlier application is incorporated herein in its entirety. 

Field of the Invention 

The invention relates to genetic engineering of cotton to 
increase the cotton's fiber strength, water absorption and dye binding. 

Description of the Related Art 

The description o^f the related art is listed under References 
towards the end of this document. All references cited herein are 
incorporated by reference. 


Background of the Invention 

About 20 million metric ions of coopo fiber is produced annually worldwide 
with the U-S. producing about 20% of this. Approximatdy 16 million acres 
of cotton arc planted in the ILS. trprcscndng one-seventh of the world 
acreage. The United States generates tone fifth of the worldwide cotron fiber 
production, valued at about four buTionVJoflars annually. Cotton is the prerrocr 
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Coaon fiber or seed hair is a icrminally dffcxcnriatAj single epidermal cell made up 
of primary and secondary cell walls, consisting oftprurarily ccflulose (90%) and 
other con-pounds Eke rtcrnccQulose. pectins and proteins. During the early stages 
of fiber dcvcfcpmcnt, the fiber ceil eJongaies up to J cm over a period of 20 days 
posiand\=ns(DPA). The primary wall is about 100-3DO molecules in tfackness and 
consists of 30% ccUuiose and other rxirysaccrEirkJcs. loxes and proocins (John and 
KeDcr. I996X The secondary wall is made up of ocfliksc that is deposited during 
6c third cfcvdopmcnal stage, 1645 DPA_ Matuntit n of the fiber occurs 45-50 
DPA. resulting in changes in mineral content and pr xcin levek. The cherrocoj 
cornDcaoonandmkaosmjcturcofp y walls influence properties 

Hke cherrocnl reactivity, rhermaf charaoeristics, water a ssorpdon and fiber strength 
(John. !99S>X which arc important for the manufa* turing of txriJc products. 
Therefore, it is highly desirable to synthesize a biopoty; ner within the fiber rumen 
without ahering fiber wall iniegriry; this shouU result d sheltering the biopolymcr 
within the cellulose waOs (John and Kcfler. 1996X We pappose here to introduce a 
P8P from a synthetic gene into ooaon that could increase fiber strmgrh, alter 
thermal and water absorption qualities as well as enhanceldye bending capacity of 
coaon fiber. 
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The United Stoics generates one-fifth of ihe world's cotion fiber valued ai 
about four billion dollars annually. Although consumers prefer coaon, man- 
made fibers arc capturing a major shore of the textile market while the market 
share of coaon is shrinking. In order for the market share to increase, coaon 
fiber quality must be improved. In the past, coaon fiber quality has been 
improved by dassical plant breeding: howc\rr. this approach is limited by species 
incompatibility and available traits. An alternative approach is to innroduce foreign 
genes to confer dcsiicd traits into coaon via genetic engineering. Pnxdn-bascd 
polymers (PBPs) arc avaibbfc in nature as materials with extraordinary mechanical 
properties, such as spider v*bs composed of silk threads tougher than sted and 
dasrin. a rubber tike clastic fiber found in human arteries, that typically survives for 
more than 70 years, unefcrgoing repeated cycles of stretching and relaxation. The 
PBP made fiom syndSeoc genes, ccrcuning the sequence Val-Pro-Gy-Val-Qy. 
. rypicaDy found in dasrin, exhibits dbsric moduli that can range from l(f-\(f 
dyncs/crrr and temperature transition properoes that enable water absorption 10 
times irs own weight Therefore, n^roducing this PBP into coaon fiber will increase 
trie fiber strength, water absc^ In this 

project, we attempt to genetically engineer coaon fiber with a PBP gene. 
GVGVP. the sequence derived from human clasrin. 

Description of the Invention 
PBPs conraming multiple repeats of (he pentamer sequence (Vol 1 -Pro" -C3y , -Vaj 4 - 
, : =. Qy\ exhibit remarkable, efastjcrprcperties qualifying their use as btcdasoc 

J materials (Urry. 1955). Hasr^^ pt^^PB PsofTcr a range of materials similar to 

that of oil-based poIymers?su&^^ and pbsrics. PBPs of 

I'LJ varied design and crxT^xxaoon can be pupm c d and made biodegradable with 

I n chemical docks to program their half Eves (Urry. 1995). AoVfioVxnfly^rePs exhibii 

I j_ rernarkablc biocornpatibtlify. thereby enabling (heir use in a whole range of medical 

applications inducing (he prevention of post-surgical adhesions, tissue 

nxxxtsfrucDon and programmed drug odrvcry (Urry ct at, 1993). For instance, the 
id pcfymcrpofy (GVGVP) has been successfully used lo prevent adhesions in the rat 

f'O confcniinatcd pcriloncal modd fouowing abctoriinal injury (Urry ct at, 1993). The 

nccvmedical application of these materials indude bbdcgradablc plastics, 
\\~^ transducers, molecular machines, si^xrabsorbarrf agents, and oontroflcd rdcasc of 

agriaiftural crop enhancement agents, such «s pesticides, growth Actors and 
Vj fr rttfhm (Darucfl, 1995). Bkxfcgradabk: plastics made from PBPs may not only 

hs, break down in the cnviiainent but can become a. useful part of the environment 

I, j Since safinc solution can breakdown PBPs, (he plastic PBP products can be 

I disposed in oceans ard giifs; as fi^y d^radc, the r^astics can provide protons for 

; < cr cccanic animals, thus entering the food chain and benefiting the marine ecosystem. 



Figure I: PBP expression h Exofi 
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Figure 2; PBP expression in a plant ocfl 


Wc have expressed the gene encoding pory (GVGVPJoi in difctnt systems 
indu&gbac^panHI, I995;Gud^ 1995; Danicll et al, 1997; Uay ct al, 
1995), fimgi (Heczog ct al, 1997) and plants (Zhang et at, 1995. 1996; Danicfl, 
1995; Danicfl and Guda, 1997> roBowing expression of asrrafl, lOOaminoacid 
porypqkidc (GVGVPJb, h £ coG |Mcfbcooa ct : aL J992) w larger versions of the 
same porypeptide (GVGVP) containing 121. iq)C^;(6Q5 amino acids) or 251 
tcpeaftf (1235 amino acids) were hyp cicxpr cs sca*' a £ coD (Guda ct at, 1995; 
BrixcyetaL. 1997). Bacterial cdb stowed polymer inclusion bodies occupying up 
to 94% ofthcirccfl volume into I). Production of 

polymers by fomentation, however, js not cost cflccnvc when compared with 
petroleum based porymcrs. Thercforcjwc have recently expressed the GVGVP 
120mcr in tobacco. Even though lower levels of expression were observed in 
cultured tobacco cells (Zhang ct al, 1995) and some transgenic plants in the 
FO generation (probably due to the position effect and heterozygous nature, 
Zhang ct al, 1996), higher levels of polymer expression were observed in 
transgenic plants after self-crossing in the Fl generation; inclusion bodies 
have been observed in tobacco cells (sec Figure 2\ which is a good indication 
of a very high Icvd of PBP expression (Danidl 1995; Danicll, and GudX 
1997). The transgenic plants expressing this PBP grew, flowered and 
produced seeds normally (Zhang ct al, 1996). Physiological and 
ultrastructural studies reveal that transgenic tobacco plants expressing the 
PBP arc similar to control unlransformcd plants. 

Rationale and StgniScance 

PBPs arc available in nature as materials with extraordinary mechanical properties, 
such as spider webs composed of siDc threads tougher than stcd, elastin fibers in the 
mammalian cardiovasaiaturc which can last almost a century without loss of 
function and the adhesive produced by a mussel's foot which consistently adheres 
under extreme ccrKGtions ki salt water. Hasan, a rubber Boc elastic fiber found fa 
human arteries (espedafly in (he aortic arch) typkaOy survives for more than 70 
years, undergoing repeated cycles of stretching and relaxauon. The pcutaiuer pc^xide 
soquencc Val4to<3y-VaK3y is typical of all sccjjcnccd marnrnafian dastin 
proteins and in bovine elastin, this sequence is repeated eleven times without i single 
substitution. It has been shown (hat (his elastic and plastic PBP exhibits clastic 
moduli that can range from 1C/-I0* dynesfcm 1 . Therefore, if (his protein is 
fafjoduocd into the cooon fiber, k will confer an extraordinary levd of elasticity and 
fiber strength. Just Eke elastin. 

These PBPs also exhibit •errpcratun: transition properties; parts of the polymer arc 
bydroptobic and others arc hydrophilic and water rrclcaics accordingly arrange 
themselves around these sections of the rnoJoaies fa different configurations. The 
relative stability of these configurations changes with temperature and so does (he 
preferred shape of the pioti'ni. For example; when ge nc ti ca fly engineered cotton 
containing the PBP is worn by an irxiividual, the rxxynxr w2I experience an kjversc 
tanperatun: transition just below (he normal temperature of skin. When Douid 
touches (he inside surface of dothing, the porymer molecules will soak it up, but 
they would in (he folded state The pdtymei chain's propensity to unfold at 
lower temperatures win spontaneously wide fluid away from the warm body and 
toward (he ood outer surface of the dotfiing. Thus, this porymer can absorb 10 
times its own weight fa water (Urry, 1995). - Moisture and water uptatx by tactile 
fibco arc very imports hrcgani to 

wcarabaty. Water acts as a vehide fa (he pores of (he ccflufasc fiber for tt a r sp ou of 
dyes and other chemicals. Water abscxpbon is <firccny cnrrrttfrrl with fibcr 
dycabtlirY; reactive dyes form roocovalcnt bonds wch firctioral groups along the 
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potj^^adiooc (Rivfin. 1992). Dye binding apxfy win be^^Ld by 922.664 1 P 

increased protein content of the fiber; expression of the PBP in cooon fiba will 
significantly increase the fiber protein content. Based on afl these observations, k is 
evident that ntroducing PBPs rtfo ooaon fiber will increase the fiber strength, water 
absorption, thermal characteristics and chemical reactivity. 


In this context it should be pointed out that Agracetus, Inc recently has 
introduced the porybyuraxytxityraie polymer biosynthctk genes into coaon 
for polyester expression in fiber (John and Keller, 1996). However, their 
genetic engin eering approach, in addition to introducing a group of genes for 
the entire pathway, is limited by low levels of required intermediates (such as 
acetyl CoA) in the cytosol (Nawrath et aL 1995) resulting m very low levels 
of expression (03% fiber weight. John and Kdlcr, 1996). Furthermore, 
properties of this polyester can not be modified to suitably alter fiber quality 
because the polyester is an end product of a bacterial pathway. In contrast, 
wc attempt here to express a protein polymer and not a polyester. PBPs used 
in our study arc expressed from a single synthetic gene that can easily be 
altered to increase the fiber strength, water absorption, thermal properties, 
elasticity and dye binding capacity of cooon fiber by changing the amino acid 
composition. Wc attempt to accomplish this using the gene (GVGVP)ui; this 
gene has been expressed at high levels in bacteria (Figure I; Daniell ct al., 
1997) and plants (Figures 2; Daniell and Guda. 1997). Transgenic plants 
expressing this PBP grew. Cowered and produced seeds normally (Zhang ct 
aL, 1996) 


Objectives of this project: To Develop transgenic cotton plants with 
value-added traits: 

a) Develop recombinant DNA transformation vectors for enhanced protein 
polymer expression in cooon fiber; 

b) Obtain transgenic plants using the trans formation vectors; 

c) Assay transgenic expression using molecular and biochemical methods; 

d) Assay fiber qualities of control and transgenic plants using physical and 

chemical testing, including fiber strength, elongation, water 
absorption and dyeability; 
c) Analyze genetic composition of transgenic plants. 

Discussion 

Recombinant DNA vectors for PBP gene expression in cotton fiber 
A nuclear vector for transient expression of the I20.ncr gene has been 
constructed. The plasmid pUC-GUS (obtained from Stratagenc) was 
digested with Xbal and Sstl to remove the 1.8 kh Xbal-SstI fragment 
containing the uidA gene, and the remaining 43 kb fragment was ligatcd 
with the I.S kb 120mcr porymer fragment (obtained as Xbal-SstI fragment in 
pUCI 18) to produce plasmid p(JC-XZ-120mcr. The I20mcr polymer gene 
in this construa is driven by the CaMV 35S promoter and flanked by the nos 
terminator. A nuclear vector for stable expression of the I20mcr polymer 
protein also has been constructed. The uidA gene was removed from the 
plasmid pBII2I as i XbaI->SstJ fragment and replaced by the L20mcr polymer 
fragment (obtained as Xbal^Ssd fragment in pUCI 18 plasmid) resulting in 
the construa pBI12I-XZ-120mer (Figure 3). The 120mer polymer gene in 
this construa is driven by the CaMV 35S promoter and flanked by the nos 
terminator. This nudear vector also contains a npt H gene driven by the nos 
promoter and flanked by the nos terniinator to faci l itate selection of 
transformed ecus or tissues on k aiua iyuu (sec pBH21-XZ-120mcr map 
shown bekrw for more details). 
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Figure 3: PUtsmid map ofpBIL21-XZ-120mer 
In stably transformed tobacco plants a IS fcbp EG-I20mer polymer gene 
fragment was found to be integrated into the tobacco Dtrlcar genome, A 1 .8 
Idbp EG-I20mer polymer gene transcript was observed m Northern blots. 
Gels stained with Cu0 2 show the pr e se nce of polymer and Western blots 
confirm the identity of (he polymer protein (Zhang ct al_ 1995, 1996). Even 
though lower levels of expression were observed in cultured tobacco ceils 
(Zhang ct al, 1995) and some transgenic plants in the PO generation 
(probably due to the position effect and heterozygous nature, Zhang ct aJ., 
1996), higher levels of polymer expression were observed in Fl transgenic 
plants after self-crossing. Inclusion bodies have been observed in tobacco 
cells (sec Figure 2); this is a good indication of a high level of PBP 
expression (Darnell, 1995; DanidJ and Guda,-I997).-Thc transgenic plants 
expressing this PBP grew, flowered and produced so6is normally (Zhang ct 
al„ 1996). Physiological and uJtrastruetural studies reveal that transgenic 
tobacco plants expressing PBP arc similar to control untransformcd plants. 


While the levels of PBP expression arc sufficient in transgenic plants, wc arc 
attempting to further enhance the level of polymer production by modifying 
the codon composition. Therefore, the plant expression vector pBI-EV35S- 
130mcr, with a plant nuclear preferred codon composition gene sequence, 
coding for the same polymer protein has been constructed in our lab and 
introduced into transgenic tobacco plants. Characterization of the tobacco 
transgenic plants expressing the I30mcr polymer protein is in progress. 


Identified fiber genes can be grouped into two types - genes which only 
express in fibers (fiber-specific genes) and those which express in other tissue 
types besides fibers, ^fiber-specific genes, isolated from cDNA libraries, 
include a lipid transfer protein gene, the "fiber** gene E6 and Rac 13. 
However, onfy the promoter for the E6 gene, isolated from a genomic library, 
has been wdl characterized (John, 1995a). In order to avoid possible 
plciotropic or cpistatic effects of introduced genes, it is desirable to use 
promoters which will express foreign genes primarily in fiber cells. 
Therefore, in order to express PBP genes in cotton fibers, the 35S CaMV 
promoCcr b rccombtnant constructs (pBM2I-XZ-I20rncr and pBl-EV35S- 
130mcr) is replaced by the E-6 promoter (Figure 4); this will direct 
expression of foreign genes in a tissue specific and aVnretopmcntally regulated 
manner in transgenic cotton plants (John and Crow, 1992). The E6 promoter 
has been used successfully to express PHB porymcrs in codon fiber (John 
and Keller, 1996). 
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F^un: 4; Hasmid map of pBIUl^W-LMmcr 
Cotton Tnr«fonna6oQ with PBP genes 

Several methods tor transformation of ooaoa h addition to ihc A&vboaerium- 
mediated tcansfoanadoa of bypoootyis have been described, including partidc 
bom Ufldm cct of cnixypgaoc aiturrs and shoot apical m abaji s , followed by 
somatic emfcxyogensis or shoot fomuci oa from apical tissues, rcspecuvdy. 
However, (he AffvbocSaiLffn^nc&zSDA method foOowcd by somatic; 
OTbrvogcnesis (TroCndcr and Gbodin, 1987. 1988) ronains the most idiabic and | 
manageable method ki the university setting In contrast, in (he afaaTiatrvc mahod 
of partidc bomfaandarrt (Danicfl, 1997) of shoot apicat moistens (McCabc and 
Mardnefl, 1993), thousands of UxaUndme nt events and repeated penning of (he 
resulting chimeric ynnrffg^ jn: required to produce uniform ptants with 
transfixmcd qpkJccmal ussuc or germ Does (John aod KeQcr; 1996). The technical 
demands of (he voric arc too great to be accompGshcd by the number of employees 
commonly supported in academic labc*afoncs. 

Altcnratrvefy, <te Agrobaciaium<ncxii3Scci method is manageable in the unjversrty 
setting and has occn used successfully to introduce 2,4-D lesistancc into coaon 
(Bayicy ct ai, 1992). However, a <£sadvantagc of (his technique is that the 
subsequent regenexarioa is .not cutrivarHrricpenoent (TioGndcr and Goodin, 1987, 
1988). Ccrrscqirndy. dcaaWc traits b the transformed plants must be subsequently 
crossed into current peoebctba varieties. Aflcr completion of recombinant DNA 
vector constnjetions, cotton tzansibrniation will be earned out in Dr. Haiglcr*s 
laboratory (Texas Tech, Luobock. TX). Fiber qualities of genetically engineered 
cooon will be analyzed at Auburn University and in coUaboraubn with Dr. 
Rajasefcaran, (USD A Southern Regional Laboratory. New Orleans, LAX 
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